Curcumin is the main active ingredient extracted from the traditional Chinese medicine, turmeric, which acts against non-small cell lung cancer cell (NSCLC), lowers blood pressure, is anti-inflammatory, choleretic, and exerts anti-oxidant effects, without any obvious toxicity in the long term. The aim of the present study was to investigate whether the anticancer effect of curcumin inhibited cell proliferation and induced apoptosis of human NSCLC through the upregulation of ) and suppression of the PI3K/Akt signaling pathway. In the present study, treatment with curcumin inhibited cell proliferation, induced cell apoptosis and increased the caspase-3 activity of A549 cells. The results also showed that, miR-192-5p relative expression of NCL-H460 cells was relatively lower than that of A549 cells, which was higher, with that of BEAS-2E cells being the highest. miR-192-5p mimics suppressed cell proliferation and increased cell apoptosis of A549 cells. However, antimiR-192-5p mimics increased cell proliferation and inhibited cell apoptosis of A549 cells. Curcumin treatment effectively increased the relative miR-192-5p expression and suppressed the PI3K/Akt signaling pathway. miR-192-5p mimics enhanced the effect of curcumin on cell viability and apoptosis and suppressed the PI3K/Akt signaling pathway in A549 cells. Anti-miR-192-5p mimics reversed the effect of curcumin on A549 cells and PI3K/Akt expression. Collectively, our findings suggested that curcumin inhibited cell proliferation and induced apoptosis of human non-small cell lung cancer cells through the upregulation of miR-192-5p and suppression of the PI3K/Akt signaling pathway.
Introduction
Lung cancer is a malignant tumor with the highest morbidity and mortality worldwide, and its incidence is on the increase. Approximately 80% of the disease may be attributed to non-small cell lung cancer (NSCLC) (1) . Due to the limitations of early diagnostic techniques and the lack of early specific clinical manifestations, 70-80% of patients are diagnosed at advanced stages (2) . Therefore, identification of a safe and effective drug treatment for NSCLC is crucial.
Recent findings have shown that the incidence, development and transfer of NSCLC are not only influenced by genetic factors, but that epigenetic change is also important, including small molecule non-coding RNA (ncRNA) (3) . MicroRNA (miRNA), a class of endogenous small ncRNA with a length of ~21-25 bases, widely existing in eukaryotes, can identify the mRNA of a specific target gene (4) . Over 50% of the miRNAs genes are mapped in NSCLC-related fragile sites or genomic regions, suggesting that miRNA expression may be closely associated with NSCLC. As reported, the expression of a large number of miRNAs in NSCLC show disorder and the imbalance of miRNAs promote the progression of NSCLC cell cycle, anti-apoptotic effect, enhanced cell invasion and metastasis of non-small cell lung cancer (5) .
The PI3K/Akt signaling pathway plays an important role in growth factor-mediated cell survival. Previous findings have shown that the disorder of the PI3K/Akt/mTOR pathway may play an important role in the formation of NSCLC (6) . It has also been reported that the cell proliferation signal generated by the combination of a number of transmembrane receptors and ligands can activate the signal transduction of PI3K/Akt/mTOR, which is closely associated with NSCLC proliferation and survival status (7) . These receptors include c-met, epidermal growth factor receptor (EGFR), c-kit and insulin-like growth factor receptor (IGF-IR). Curcumin is a natural active ingredient extracted from dry rhizome of the turmeric Curcuma genus plant, turmeric and Curcuma, with extensive pharmacological effects, low toxicity, and good tolerance, and due to its economic value, it has become a hot spot for exploration (8) . Findings of studies focusing on curcumin have identified a wide range of pharmacological activities such as anti-inflammation, anti-oxidation, lipid, anti-virus, anti-infection, anticancer, anticoagulant, anti-liver fibrosis and atherosclerosis, low toxicity and few side effects (9) (10) (11) (12) (13) . However, the effect of curcumin on NSCLC and the underlying molecular mechanism remains unclear. In the present study, we examined the anticancer effect of curcumin on cell proliferation and apoptosis of human NSCLC and identified a possible relationship between this effect and the miRNA-192-5p-modulated PI3K/Akt signaling pathway.
Curcumin inhibits cell proliferation and induces apoptosis

Materials and methods
Chemicals. Dulbecco's modified Eagle's medium (DMEM) and fetal calf serum (FBS) were purchased from Gibco (Carlsbad, CA, USA) and (South America). 3-(4,5-Dimethylthylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (MTT) was purchased from Sangon Biotech (Shanghai, China). The Apoptosis Detection kit I was purchased from BD Biosciences (San Jose, CA, USA). The caspase-3 activity assay kit was purchased from Promega (Madison, WI, uSA).
Cell culture. Human normal NCL-H460 and BEAS-2E lung epithelial cells, and human A549 lung cancer cells were obtained from the Cell Resource Center of the Second Military Medical University. These cells were cultured in DMEM supplemented with 10% FBS (both from Gibco), 100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C and a humidifid incubator with 5% CO 2 . The concentrations (5,10,20 and 40 µM) and time periods (12 and 24 h) of curcumin against A549 cells were examined. The chemical structure of curcumin is shown in Fig. 1 .
Cell viability analysis. Cells were seeded at a density of 5x10 3 /well in 96-well plates. Briefly, cell viability was measured by MTT assay (Sangon Biotech). Ten microliters MTT (5 mg/l) were added into each well and incubated for 4 h at 37˚C in a humidified incubator with 5% CO 2 . Dimethyl sulfoxide (150 µl; Invitrogen Life Technologies, Carlsbad, CA, uSA) were added to each well and agitated for 20 min at room temperature. The absorbance was measured at 450 nM using a microplate reader.
Annexin V-FITC/propidium iodide (PI) apoptosis analysis.
Cells were seeded at a density of 1x10 6 /well in 6-well plates. Cultured cells were washed twice with ice-cold PBS and then stained with Annexin V-FITC and PI using the Apoptosis Detection kit I according to the manufacturer's instructions (BD Biosciences). Apoptosis was analyzed via flow cytometric using CellQuest Pro (IVD) software (both from BD Biosciences).
Caspase-3 activation analysis. Cells were seeded at a density of 5x10 3 /well in 96-well plates. Caspase-3 activity was measured using a caspase-3 activity assay kit according to the manufacturer's instructions (Promega). One hundred microliters reaction buffer with 10 µl substrate Asp-Glu-Val-Asp (DEVD)-p-nitroaniline (pNA) was added into 10 µl protein cell lysate/well and incubated at 37˚C for 6 h. Caspase-3 activity was analyzed at an absorbance of 405 nm.
Cell transfection. The miR-192-5p, anti-miR-192-5p and negative control mimics (miR-NC) were all purchased from Sangon Biotech. The cells were seeded in 6-well plates and grown to 50-60% confluence prior to transfection. The mimics were transfected with Lipofectamine 2000 into cells according to the manufacturer's instructions (Invitrogen Life Technologies). Gene or protein was isolated 24 h after transfection and used for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) or western blot analysis, respectively.
RT-qPCR.
Cells were seeded at a density of 5x10 3 /well in 96-well plates. Total RNA was extracted from the cells using TRIzol reagent (Invitrogen Life Technologies). The concentration RNA was determined using a NanoDrop ® ND-1000 spectrophotometer (Thermo Fisher Scientific, Inc., Wilmington, DE, USA). Quantification of the miRNAs was performed by a TaqMan miRNA assay kit (Applied Biosystems, Foster City, CA, USA). Total RNA was subjected to first-strand cDNA synthesis and examined using a PrimeScript RT reagent kit (both from Takara, Shiga, Japan). qPCR was performed using SYBR-Green PCR Master Mix (Takara) on the ABI 7500HT System. The primers used in the reactions are shown in Table I .
Western blot analysis. Cells were seeded at a density of 5x10 3 /well in 96-well plates. Cultured cells were washed twice with ice-cold PBS and incubated with ice-cold lysis buffer for 30 min on ice. Cell liquid was collected and centrifuged at 12,000 x g for 10 min at 4˚C. The soluble protein concentration was determined using a BCA protein assay kit (Sigma, St. Louis, MO, uSA). Total proteins (10 µg) were run on 12% sodium dodecyl sulfate (SDS)-polyacrylamide gels and transferred to polyvinylidene difluoride (PVDF) membranes. The membranes were blocked with Tris-buffered saline (TBS) containing 5% non-fat milk to block non-specific binding sites. The membranes were incubated with anti-PI3K (1:1,500) and anti-Akt (1:1000) (both from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, uSA) and anti-β-actin (1:500; Sangon Biotech) overnight at 4˚C. After being washed with 1% Tween-20/PBS, the membranes were incubated with the secondary antibodies (Tiangen, Beijing, China) for 2 h at room temperature. The proteins were detected using enhanced chemiluminescence (Vilber, Marne La Vallée, France). Statistical analysis. Statistical analyses were performed using SPSS 19.0 software. The results are presented as mean ± SD. The results were analyzed using the Student's t-test or one-way analysis of variance (ANOVA). P<0.05 was considered statistically significant.
Results
Curcumin inhibits viability of A549 cells. The concentrations (5, 10, 20 and 40 µM) and time periods (12, 24 or 36 h) of curcumin against A549 cells were assessed using the MTT assay. Fig. 2 shows that the treatment of A549 cells for 12, 24 or 48 h with 10, 20 and 40 µM curcumin inhibited cell viability in a dose-and time-dependent manner. The MTT assay indicated that curcumin (20 and 40 µM) treatment for 24 or 36 h resulted in significant cell viability, compared with the control group (Fig. 2) .
Curcumin induces apoptosis of A549 cells.
Prior to the treatment, the apoptotic rate of curcumin-treated (10, 20 or 40 µM) A549 cells was also measured. Following treatment with 20 or 40 µM curcumin for 24 h, the apoptotic rate markedly increased in a dose-dependent manner, compared with the control group (Fig. 3) .
Curcumin induces caspase-3 activity of A549 cells. To determine whether curcumin induces caspase-3 activity of A549 cells, caspase-3 activity was measured using a caspase-3 activity assay kit. Caspase-3 activity also increased significantly in a dose-dependent manner after curcumin (20 or 40 µM) treatment for 24 h, compared with the control group (Fig. 4) . These results indicated that curcumin induced apoptosis in A549 cells.
miR-192-5p inhibits cell viability and induces apoptosis of A549 cells.
To examine the expression and significance of miR-192-5p in human normal lung epithelial and lung cancer cells, the miR-192-5p relative expression was detected using RT-qPCR. Fig. 5A shows that miR-192-5p relative expression of NCL-H460 cells was relatively lower, that of A549 cells was higher, with BEAS-2E cells being the most highly expressed.
To analyze whether miR-192-5p influenced cell viability and apoptosis of A549 cells, we transfected miR-192-5p mimics into A549 cells. The cells transfected with miR-192-5p mimics showed a significant, 120-fold increase in the miR-192-5p expression after 48 h transfection, compared with the control or miR-NC group (Fig. 5B) . Overexpression of miR-192-5p decreased the viability of A549 cells, compared with the control or miR-NC group (Fig. 5C) . However, overexpression of miR-192-5p induced the apoptotic rate of A549 cells, compared with the control or miR-NC group (Fig. 5D) .
Inhibition of miR-192-5p suppresses cell viability and induces apoptosis of A549 cells.
To determine whether anti-miR-192-5p influenced the cell viability and apoptosis of A549 cells, we transfected anti-miR-192-5p mimics into A549 cells. The expression level of miR-192-5p was detected using RT-qPCR after 48 h transfection. Anti-miR-192-5p mimics effectively suppressed the miR-192-5p relative expression of A549 cells (Fig. 6A) . Downregulation of miR-192-5p promoted cell viability and inhibited the apoptotic rate of A549 cells, respectively, compared with the control or miR-NC group (Fig. 6B and C) .
Curcumin inhibits miR-192-5p gene expression of A549 cells.
To determine whether curcumin influenced miR-192-5p gene expression of A549 cells, the expression level of miR-192-5p was detected using RT-qPCR following treatment with curcumin for 24 h. Fig. 7 shows that the expression level of miR-192-5p was markedly enhanced by curcumin (20 or 40 µM).
miR-192-5p inhibits the effect of curcumin on cell viability and induces apoptosis of A549 cells.
To examine how the overexpression of miR-192-5p influenced the effect of curcumin on cell viability and the apoptotic rate of A549 cells, we transfected miR-192-5p mimics into A549 cells. Fig. 8 shows that curcumin suppressed cell viability and increased the apoptotic rate of A549 cells following treatment with curcumin (20 µM) for 24 h, respectively, compared with the control group. The effect of curcumin (20 µM) on cell viability and the apoptotic rate of A549 cells were markedly decreased and increased by miR-192-5p mimics, respectively, compared with the curcumin-treated group (Fig. 8A) .
Inhibition of miR-192-5p suppresses the effect of curcumin on cell viability and induces apoptosis of A549 cells.
To examine how the downregulation of miR-192-5p influenced the effect of curcumin on cell viability and the apoptotic rate of A549 cells, we transfected anti-miR-192-5p mimics into A549 cells. Fig. 9 shows that curcumin suppressed cell viability and increased the apoptotic rate of A549 cells following treatment with curcumin (20 µM) for 24 h, respectively, compared with the control group. However, the effect of curcumin (20 µM) on cell viability and the apoptotic rate of A549 cells were markedly increased and reduced by anti-miR-192-5p mimics, respectively, compared with the curcumin-treated group (Fig. 9A) .
Curcumin inhibits the PI3K/Akt protein expression of A549 cells.
To detemine whether curcumin affected the PI3K/ Akt protein expression of A549 cells, the PI3K/Akt protein expression was detected using western blot analysis following (Fig. 11C and D) .
Inhibition of miR-192-5p increases the PI3K/Akt expression of A549 cells.
To determine whether anti-miR-192-5p influenced the effect of curcumin on PI3K/Akt protein expression of A549 cells, we transfected anti-miR-192-5p mimics into A549 cells. Fig. 12A and B shows that curcumin suppressed the PI3K/Akt protein expression of A549 cells following treatment with curcumin (20 µM) for 24 h, respectively, compared with the control group. However, the effect of curcumin (20 µM) on the PI3K/Akt protein expression of A549 cells was markedly enhanced by anti-miR-192-5p mimics, respectively, compared with the curcumin-treated group (Fig. 12C and D) .
Discussion
One million patients succumb to NSCLC annually worldwide, and the incidence of NSCLC is gradually on the increase. Although a number of studies in recent years have focused on NSCLC, no great progress has been made with regard to treatment. Surgery remains the most effective treatment method, but in terms of prevention as well as for the pathogenesis of NSCLC further studies need to be conducted (14, 15) . Recently, Liu et al identified that curcumin inhibits proliferation and significantly induces the cell apoptotic rate of gastric cancer cells (16) . Ma et al demonstrated that curcumin inhibits cell growth and invasion of pancreatic cancer cells (17) . Collectively, our findings indicated that curcumin suppressed cell viability, induced cell apoptosis and increased the caspase-3 activity of A549 cells. Therefore, curcumin is a potential drug for oncotherapy. miRNA is a class of small-molecule RNA which has a very important role in gene expression regulation as recently identified (18) . miRNA genes are usually located in intron segments of gene. However, miRNAs are also distributed outside of non-coding exons of the gene and the intergenic region, which have been found to participate in a variety of known oncogenic pathways, such as p53, Bcl-2 and K-Ras (19) . It has been shown that >50% of defined human miRNAs are located in the fragile sites of the genome and these fragile sites are often associated with the occurrence of NSCLC (20) . The expression profiles of miRNAs are associated with the development of NSCLC. miR-34c, miR-145 and miR-142 can inhibit NSCLC (5) . The results of the present study indicate that miR-192-5p relative expression of NCL-H460 cells was relatively low, that of A549 cells was higher, with BEAS-2E cells being the most highly expressed. Overexpression of miR-192-5p decreased the cell viability and increased the apoptotic rate of A549 cells. Downregulation of miR-192-5p increased the cell viability and reduced the apoptotic rate of A549 cells. Additionally, curcumin inhibited miR-192-5p gene expression of A549 cells. However, the upregulation of miR-192-5p expression enhanced the effect of curcumin on cell viability and the apoptotic rate of A549 cells, while the downregulation of miR-192-5p expression reversed the effect of curcumin on A549 cells. Our results were consistent with those of other studies. For example, Ye et al reported that curcumin promotes cell apoptosis by activating miR-192-5p (21) . However, the probable mechanisms on how curcumin influences miR-192-5p expression are unclear and future studies to determine this effect should be performed.
In recent years, the effect of the PI3K/Akt signaling pathway on human NSCLC has gained much attention (22) . Activation of the PI3K/Akt signaling pathway is very common in human NSCLC, which can promote the occurrence of cancer through a variety of mechanisms, including gene mutations, reduction of cancer suppressor gene PTEN expression, PI3K mutation or amplification, Akt mutation or amplification and oncogene receptor activation (7) . Activation of each component of this pathway is the main reason for the unfavourable prognosis of NSCLC, which can lead to drug resistance of the treatment, thus inhibition of this pathway can reverse drug resistance and improve chemotherapy and radiation effects in vivo (23) . The data obtained in the present study revealed that curcumin suppressed the PI3K/Akt protein expression of A549 cells. upregulation of miR-192-5p expression refrained the PI3K/ Akt protein expression of A549 cells. Downregulation of miR-192-5p expression may increase the PI3K/Akt protein expression of A549 cells. Xu et al have demonstrated that curcumin inhibits the invasion and migration of FTC133 cell via downregulation of the PI3K/Akt signaling pathway in thyroid cancer cells (24) . Xu et al suggested that curcumin inhibits tumor proliferation of lung cancer through the PI3K/ Akt pathway (25) . Schee et al revealed that miR-22-3p, miR-143-3p and miR-192-5p regulated and were involved in APC, TGFβ and PI3K pathway in colorectal cancer cells (26) .
In conclusion, this study focused on the effect of curcumin against A549 cells, inhibited cell proliferation and induced apoptosis of human NSCLC through the upregulation of miR-192-5p and suppression of the PI3K/Akt signaling pathway. The conclusions of the present study indicate that curcumin is a potential target in the treatment of NSCLC. However, the present study revealed some limitations as we did not examine the detailed relationship between miR-192-5p and the PI3K/Akt pathway in lung cancer cells. Additional studies in vivo, clinical and larger-scale statistical analyses of the present study are to be performed to verify the results.
